N ocardia is a gram-positive bacterium that usually manifests as an opportunistic infection in immunocompromised hosts. Although nocardiosis most commonly presents as a pulmonary infection, extrapulmonary localizations exist, and the central nervous system can be considered one of the primary sites of infection. Brain abscesses and spinal cord abscesses are usually described as separate and rare entities. Infection of both the brain and the spinal cord is rare, and a PubMed search revealed only 3 other cases. 4, 9, 19 We present a challenging case in which the diagnosis of nocardiosis could only be made after an open biopsy of the cervical spine by an anterior approach through a partial central corpectomy.
Investigation and Initial Treatment
Initial MRI showed a hyperintense lesion in the brainstem starting from the cerebellar peduncle and extending to the lower endplate of C-2. Images obtained after administration of gadolinium contrast medium showed 4 separate ring-enhancing lesions. Analysis of CSF obtained by lumbar puncture showed 94 white blood cells per microliter (38% neutrophils, 48% lymphocytes). Empiric antibiotic therapy (ceftriaxone and ampicillin) was initiated, along with acyclovir and methylprednisolone treatment. Over the next day the patient developed general ataxia, global aphasia, and paresis of the right arm. Acyclovir treatment was discontinued 4 days after it was initiated because the polymerase chain reaction (PCR) results were negative for herpes and varicella viruses. After 2 weeks of ceftriaxone and 4 weeks of ampicillin treatment for a abbreviatioN PCR = polymerase chain reaction. Submitted July 29, 2014. accepted December 31, 2014. iNclude wheN citiNg Published online June 19, 2015 ; DOI: 10.3171/2014.12.SPINE14755. diScloSure The authors report no conflict of interest concerning the materials or methods used in this study or the findings specified in this paper.
Multiple nocardial abscesses of the brainstem and spinal cord diagnosed after an open biopsy through a cervical partial central corpectomy: case report possible Listeria infection, there was a good radiographic response on MRI but no clinical improvement. Terminating the antibiotic treatment resulted in a rapid clinical deterioration, with paralysis of the lower limbs and incontinence. Two days after terminating the antibiotic treatment a third MRI study was performed, which revealed a new ring-enhancing lesion in the cervical medulla at the level of C4-5 and demonstrated that the old lesions were still visible. A fourth MRI study performed 4 days after termination of antibiotic treatment showed further growth of this lesion from the first toward the sixth cervical vertebral level (Fig. 1) .
During this time, the results of extensive laboratory investigation of blood, lumbar CSF, and stool samples remained negative for Listeria, toxoplasmosis, strongyloides, Taenia, Echinococcus species, JC virus, Aspergillus, Toxocara, Treponema pallidum, Brucella, Bartonella henselae, Q fever, and even NMO antibodies. The results of a bone marrow biopsy, performed to exclude lymphoma, were also negative. A PET scan showed nodules in the supraclavicular region and the hepatic curve of the colon. A biopsy from the supraclavicular nodule showed benign lymphoid tissue, while a biopsy of the colon (performed via colonoscopy) showed only a tubulovillous adenoma with low-grade dysplasia.
Operation and Postoperative Course
Eventually, because of the patient's clinical deterioration, explained by the new anterior ring-enhancing lesion, we decided an open biopsy was necessary. The surgical strategy was the result of several concerns. Most importantly, addressing the biggest lesion at the level of C-4 seemed logical, because of the compressive effect the lesion exerted on the medulla. We planned an evacuating puncture of the presumed necrotic core of the abscess with additional biopsy of the wall of the abscess cavity. Since the lesion was located in front of the spinal cord, an anterior approach would eliminate the need to transgress the cord and risk additional functional damage. Deciding upon the anterior approach, it was felt that an adequate exposure of the dura mater and the spinal cord was necessary to be able to access and decompress the lesion, perform hemostasis, and close the dura in a controlled manner. Although single-level discectomies and midline trough corpectomies have both been documented for the evacuation of extensive epidural abscesses without the need for additional instrumented fusion, 3, 14 in this case, the need to open the dura, as well as the need for instrumented fusion, warranted a wider corridor. Performing an instrumented fusion in an infected environment has been reported in previous articles. 15, 16 The neurosurgeon's (B.R.) comfort with and confidence in the anterior technique, in contrast to a lateral approach for a more laterally situated lesion, for example, were also taken into account. The level of incision was indicated by intraoperative fluoroscopy. A standard anterior cervical approach was used to expose the ventral wall of the vertebral bodies of C-4 and C-5. Using the microscope, corpectomies of these vertebrae were performed, sparing the uncovertebral joints to maintain maximal stability. The posterior longitudinal ligament at C4-5 was carefully removed to adequately expose the dura. The dura was incised longitudinally, and dural tenting sutures were placed. At this stage, the intramedullary nature of the lesion was confirmed. The cord had a localized yellowish aspect. A small piece of the evidently diseased area was biopsied and a viscous material extruded spontaneously and was harvested for both anatomopathological examination and cultures. After confirmation of adequate hemostasis, the dura mater was closed with a running stitch. The stitch was covered by a thin layer of Tissucol (Baxter), a single layer of Bicol (DePuy Synthes, Codman Neuro), followed by one more thin layers of Tissucol. A stackable cage filled with Nanostim synthetic bone paste (Medtronic) was introduced, and an anterior cervical plate was screwed onto the bodies of C-3 and C-6 for increased stabilization. A drain was left in the prevertebral space under suction, and the wound was closed in a standard fashion (Fig. 2) .
Pathological Findings
Anatomopathological examination showed inflammatory infiltrate and purulence surrounded by necrotic debris. DNA extraction and PCR for Nocardia species was performed in the national reference laboratory for nocardiosis in Lyon. PCR was clearly positive for Nocardia.
Postoperative Course
Treatment with trimethoprim/sulfamethoxazole was initiated, resulting in a good radiological and clinical response. After 2 months of intensive rehabilitation, the patient was able to leave the hospital in stable condition. She spent another month in a rehabilitation center before going home. Swallowing liquids initially remained difficult, and a modified diet was needed the 1st month after surgery. At the time of discharge, the patient had fully recovered her swallowing function. At 6 months' follow-up the patient had minor muscle weakness on the right side and could walk independently for some distance with minimal aid. Antibiotic treatment will be continued for at least 1 year, until lesions are no longer visible on neuroimaging (Fig. 3) .
discussion
The genus Nocardia has been described as "a ubiquitous group of environmental bacteria that usually manifest as an opportunistic infection in immunocompromised hosts." 20 Nocardia was first identified by Edmond Nocard in 1888. 22 These organisms may be found in soil, decomposing vegetation, and other organic matter; they can also be found in fresh and salt water. 20 Nocardia asteroides complex is the subgroup that causes the most clinical human nocardial infections. Nocardia is a gram-positive, partially acid-fast, catalase-and urease-positive bacterium that grows aerobically. 22 Under direct microscopy, Nocardia appears as a filamentous bacterium with hyphae-like branching. 20 Infection with Nocardia (nocardiosis) is usually acquired by inhalation, and therefore the most common clinical presentation is pulmonary nocardiosis. Extrapulmonary localization occurs through hematogenous dissemination or contiguous spread. The central nervous system is the most common extrapulmonary localization and can be considered as a primary site of nocardiosis. 2 Supratentorial localization has been reported to be more frequent than infratentorial localization; lesions are single in 54% and multiple in 38% of cases.
11 Nocardia brain abscess carries a high mortality rate-up to 34%, which is considered the highest among brain abscesses caused by microorganisms. 22 Solitary involvement of the spinal cord, on the other hand, is very rare, and only very few cases have been reported. 1, [6] [7] [8] 12, 13, 21 Spinal abscesses are more frequently found in the lower spinal levels. Only 2 other cases involved a cervical abscess localization, and in both cases, the patients died quickly after diagnosis. 4, 17 The combination of brain and spinal cord abscesses is even more rare. In a review of the literature on PubMed, we found only 3 other cases of a nocardial abscess in both the brain and the spinal cord. 4, 9, 19 Different treatment options for nocardial CNS abscesses include antimicrobial therapy alone, freehand or stereotactic aspiration/biopsy, and craniotomy plus enucleation, in addition to antibiotic therapy. 5, 11, 18 Different treatment strategies have been recommended. Mamelak et al. recommend an initial trial of antibiotic therapy if an extraneural nocardial infection is documented in a clinically stable or an immunocompetent patient with a brain abscess smaller than 2 cm in maximum diameter. 11 If the patient's condition deteriorates or if the abscess does not decrease in 4 weeks, aspiration of the lesion should be performed to confirm the diagnosis and to decompress the lesion. All abscesses larger than 2.5 cm in diameter should be aspirated regardless of the immune status of the patient. Serial CT or MRI should be done every 2 weeks and imaging studies should also be performed after any clinical deterioration. If the abscess enlarges after 2 weeks of treatment or remains unchanged after any clinical deterioration, craniotomy should be performed to excise the abscess. 11 Lee et al. and Zakaria et al. recommend a less-aggressive approach with repeated aspirations if necessary in addition to antibiotic treatment. 10, 22 Concerning spinal cord abscesses, there are no clear recommendations. Based on the reported cases, it appears that laminectomy is usually performed, if feasible, to aspirate or enucleate the abscess. In the presented case, no lesion was initially accessible for aspiration or enucleation. Only when a lesion in the cervical spine was accessible was it possible to perform a biopsy.
The antibiotic agents of choice for the treatment of Nocardia are sulfonamides. Trimethoprim/sulfamethoxazole is the most frequently used preparation, although the benefit of the trimethoprim component is unclear. Trimethoprim/sulfamethoxazole has good antimicrobial activity against most species of Nocardia and it has good penetrance through the blood-brain barrier, which is important for cerebral abscesses. Divided doses of 5 to 10 mg/kg per day of the trimethoprim component (or 25 to 50 mg/kg per day of sulfamethoxazole) are recommended to produce sulfonamide serum concentrations between 100 and 150 μg/ml. Other active agents include amikacin, imipenem, meropenem, ceftriaxone, cefotaxime, minocycline, moxifloxacin, levofloxacin, linezolid, tigecycline, and amoxicillin/clavulanic acid. Immunocompetent patients with pulmonary or multifocal (non-CNS) nocardiosis should be treated for at least 6 months. In immunocompromised patients or patients with CNS disease, antimicrobial treatment should be continued for at least 12 months, and clinical and radiographic monitoring should be performed frequently. 
